Description of the buildings
The buildings, two stories high, were built of red loam and gravel. The walls are 60 cm thick with no beams or pillars. Wood planks were introduced by the builders at the shear areas. All over the structure, cracks were observed with widths opening up to a few millimeters.
Prior to displacement the buildings were reinforced, using tension cables and steel cross beams at the corners (see Figure 1) .
A concrete platform was cast under each building, including outer rims, to be lifted by pneumatic jacks during the displacement.
At the new area, foundations were prepared for supporting the building on its arrival (see Figure 2 ).
The displacement
Four of the buildings were moved to a distance of about 30 m towards the south, and the fifth to the west and then to the south (right angle) for a distance of nearly 70 m.
The measurement system installed in the buildings was based on strain gauges [1] for monitoring crack propagation in real time, and accelerometers to measure the acceleration and vibrations generated during the displacement stage.
The accelerometers system used [3] was in compliance with DIN 4150 [2] which specifies measurement and evaluation methods for the effects of vibration on structures primarily under static loading. It applies to structures not designed for specific standards or codes of practice in regards to dynamic loading. The specified guide values reduce the probability of damage that will have an adverse effect on the structure's serviceability. The conditions mentioned in Table 1, line 3 of DIN 4150-3 are most suitable for  the present application, see Table 1 . 
SHM

Structural health monitoring at a displacement project
Sensitivity requirements from the health monitoring system
At the monitoring design phase, the sensitivity requirement from the strain gauges was to provide an audible alarm when an opening of more than ± 0.1 mm occurred. The measurement system was tested and the data accumulated from the different gauges during three days showed a response that corresponded to the temperature cycle in the building, see Figure 3 . Following the analysis, the audit alarm was raised to 0.2 mm. The accelerometer system was enhanced with the addition of a linear accelerometer [3] , with sensitivity of 0.005 g, for the measurement of the horizontal forces that might be developed at the beginning or stoppage of the building movement.
Calibration and validation of the strain gauges
The linearity of each strain gauge was tested by a calibration device developed by us, see Figure 4 . All the responses were found to be identical up to 0.2 mm and the minimum detected change was in the range of 0.01 mm. In addition, the equivalence of response between cornered omega brackets and conventional omega brackets was verified, see Figure 5 . Each strain gauge was glued onto a steel omega bracket which was positioned at critical locations perpendicular to a crack's major axis, see Figure 6 .
Installation of brackets
In a few critical locations, chosen from structural stability considerations, the walls were of crumbling sand and the attempt to glue discs to the sand surface failed. Hence, discs (6 cm in diameter) were tightened by screws (10 mm in diameter) inserted through the wall (60 cm thick).
The strain gauges were combined to an eight-channel 'Ahlborn' controller and data-logger, and the data was fed to a processor which yielded the response of each gauge in millimetres as a function of time.
Guideline values for velocity vi, in mm/s 
Installation of the accelerometers
Four accelerometers were installed; three in the x, y and z directions and the fourth was a linear accelerator. The accuracy was verified on a Unhoi Dickie 3000 lb calibrated vibration generator controlled by UTV Win controller. The verification included the sensitivity, bias voltage, resonance, maximum amplitude range, and frequency response. A linear accelerometer, sensitivity of 0.0005 g, was installed at the highest constructive beam in order to measure impact and stoppage accelerations during the displacement. This accelerometer was set to alert whenever the acceleration exceeded 0.005 g.
Activating the system
Strain gauges
The strain gauge system was activated shortly after its installation, while the accelerometers were activated prior to displacement and during the process.
The response of the strain gauges during the preparations for displacement supplied follow-up information of interest to the construction engineers by indicating locations of higher sensitivity. For example, the solidification of the concrete platform triggered shrinkage and expansion forces detected by several strain gauges. One crack opening was increased by approximately 0.2 mm, and later, when the building was displaced and positioned on the new foundations, the expansion closed. During the lifting of the fifth building, indications of opening and tightening of cracks were diagnosed (see Figure 7) . A maximum opening of 1.2 mm crack width was noticed. An investigation showed that one jack was not properly functioning. After repairing the jack, no change in the crack width was noticed.
The computer at the Headquarters of the project showed three major screens: a status bar from each strain gauge, a log window, and a time-based events.
Accelerometers
The accelerometers enabled continuous monitoring of the x, y and z axes during the displacement of the building. The alarm set-up prevented the exceeding of the maximal acceleration value of 0.005 g. In addition, velocity [mm/s] and frequency [Hz] was recorded. The linear accelerometer indicated maximum and momentary accelerations.
Typical results from the linear accelerometer measured during the movement are shown in Figure 8 .
The sampling rate
At first, the sampling rate was set at 1000 samples per second. Later, the rate was modified to 100 samples per second. This sample rate is the minimum required for reconstruction of a vibration pulse at a frequency of up to 50 Hz and on the other hand does not saturate the data-logger capacity. The vibration frequencies of the biggest concern for the health of a building are of 45 Hz and less.
Conclusion
It was shown that a system composed of eight strain gauges and four accelerometers is sufficient for the monitoring of a building during the preparation for displacement and during the actual movement up to the resting on the foundations at the new site. The information obtained enabled full control of the movement process and the displacement mission was fulfilled successfully. The accumulated information provided data for further reinforcement of the buildings.
In principle it is possible to design similar health monitoring systems to provide continuous information for long periods about degeneracy of the building due to environmental conditions.
